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Abstract 
Sugarcane bagasse is an agricultural waste that is potentially used as natural silica resources. Natural silica claimed to be safe in 
handling, cheap and can be generate from cheap resource. In this study, Santa Barbara Amorphous-15 (SBA-15) was synthesized 
using sodium silicate that is extracted from Sugarcane bagasse ash (SCBA). Post treatment method using hydrochloric acid (HCl) 
was introduced during the silica extraction process to improve its purity. The result indicated that the amount of SiO2 present in 
the raw sugarcane bagasse ash was 53.10% while the silica composition in acid treatment sample was 88.13%. The FTIR pattern 
of extracted sodium silicate shows a similar spectrum with the commercial pattern of sodium silicate. While the Inductive 
Coupled Plasma (ICP) result shown that the concentration of silica in extracted sodium silicate was 4873 ppm. Then the extracted 
sodium silicate produce was used as a silica precursor in the synthesis of mesoporous silica, Santa Barbara Amorphous-15 (SBA-
15). The formation of SBA-15 was characterized using X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM). The 
result indicated that the synthesis SBA-15 have present peaks 100, 110 and 200 which represent the hexagonal mesoporous 
material associated with p6mm  symmetry. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Solid residues from agricultural waste is abundant and might create disposal problem to the environment due to 
odour generation, attraction of pest that might affect human health and so on. With this limitation, its application has 
been widely explored as a primary fuel source and additive in construction industries. Examples of agricultural waste 
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are rice and wheat husk, rice and wheat straw, sugarcane leaf and bagasse, corn cob and etc. Several studies have 
been conducted to optimize the utilization of this solid residue into valuable product. One of the potential element 
present in this solid waste is silica that has wide industrial application. The deposition of silica in the agriculture 
residue is influenced by the quantity and availability of silicon in soil. The root system plays the important role in 
absorbing silicic acid from the soil to the shoots and deposited it as amorphous silica. Transpiration process 
enhances the amount of silica deposited to all part of plant, where when more water is absorbed, more silica will be 
deposited on part of plant. Examples of plant that contain silica are rice, wheat, sunflower, bamboo, corn and 
sorghum. Silica usually deposited at stem, leaves and other part of plant within 0.1 to 10 wt% but the amount present 
of silica in agricultural varies among the species, maturity, season and geography of the farm location. 
The composition of the silica from difference agricultural resource are tabulated in Table 1. It indicates that the 
silica content in agriculture residue might vary between 50% to 90% depending on its sources.  
 
Table 1.Silica source and its compositions 
Silica Source Silica Content (%) Reference 
Sugarcane bagasse ash 96.93 Drummond and Drummond, 1996 
Rice husk ash 93.20 Bhagiyalakshmi et al., 2010 
Sugarcane leaf ash  80.14 Arumugam et al., 2013 
Rice straw ash  75.00 Binod et al., 2010 
Wheat straw ash  
Corn cob ash  
55.00 
52.32 
Binod et al., 2010 
Okoronkwo et al., 2013 
Sugarcane bagasse fly ash  49.98 Purnomo et al., 2012 
 
Among the agriculture residue, Sugarcane bagasse ash (SCBA) consist the highest of the silica content. In 
Malaysia, sugarcane bagasse (SCB) has not yet been widely explored it application but several studies have been 
conducted on producing silica gel as adsorbent, raw material for ceramic, concrete additives, catalyst, cosmetics, 
paint and etc. due to its characteristics. The amount of the silica content in bagasse is varied depending on the 
surrounding environment, nature of soil, period of harvesting and process involve.  
Saccharum officinarum L. or sugarcane is a perennial grass that comprised of stalks, leaves and root system 
where the stalk contains the juice that commonly used to make sugar (Jorina, 2012). After juice was extract, the 
solid waste left is called SCB. Large region of Malaysia’s northern area was devoted to sugarcane plantation, which 
produces more than 700 000 tonne of sugarcane. This waste is abundance in Malaysia and usually used as a primary 
fuel source and additive in construction industries. From biomass perspective, sugarcane harvesting produces not 
only granulated sugar but also bagasse, cane tops and dry leaves that potentially could be converted into useful 
energy and chemical feedstock. SCB itself contributes to the main biomass wastes, which represents 30 to 40% 
wastes from sugar production.  
According to Worthanakul et al., (2009), the composition of silica content from SCBA is about 89.04%. Another 
study reported by Baharudin and Santhanam (2015) claim that SCBA constituted about 70.97% of SiO2 after it was 
pyrolysis under controlled temperature of 600оC for 4 hours. Furthermore, Drummond et al. (1996) was compared 
the yield of silica from different preparation of sugarcane bagasse ash from natural burning (SCBA-NB) and from 
laboratory (SCBA-LP) burning at 700оC in the muffle furnace for two hours followed by alkaline extraction. The 
study displayed a slightly different yield, where about 94.47% silica was obtained from natural burning and 96.93% 
silica was obtained from laboratory burning (Drummond and Drummond, 1996). Silica is a group of minerals 
composed of silicon and oxygen, which is commonly found in the crystalline state and rarely in amorphous state. In 
year 1992, silica has been explored as an element in catalyst and in the production of mesoporous material. This new 
application might encourage to the demand of sodium silicate throughout the country. 
Through this study, application of SCB as a “green” type of material to produce natural sodium silicate was 
explored. This research utilized the waste material and turns it into a chemical which is sodium silicate and shows a 
new renewable source of raw material in order to extract sodium silicate for synthesis of the Santa Barbara 
Amorphrous-15 (SBA-15). Besides that, a new approach of acid washing method using hydrochloric acid (HCl) was 
introduced during the silica extraction process to extract maximum silica content with high purity of silicate from 
sugarcane bagasse. 
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2. Method 
2.1. Preparation of Sugarcane Bagasse Ash (SCBA) 
Sugarcane bagasse (SCB) was collected from sugarcane juice industries in Shah Alam, Malaysia. The collected 
bagasse was cut and weighed. Then the SCB were pyrolysis in the laboratory furnace (CARBOLITE) at 1000оC for 
4 hours. Then, the ash was analyzed for silica composition using X-ray fluorescent (XRF). 
SCBA was treated using Hydrochloric acid (HCl) in order to dealuminate the bagasse ash and to remove iron 
composition. 5 gram of SCBA was stirred with 50 ml of 1 M HCl for 2 hours at room temperature. The suspension 
was filtered with Whatman No. 41 ashless filter paper and solid residue was washed with 20 ml of distilled water to 
remove metallic ions. The residue was dried for 24 hours at 40OC for further process. 
2.1.1. Analysis of Chemical Composition in the Sugarcane Bagasses Ash (SCBA) using X-Ray Fluorescent (XRF) 
 
The silica composition of ash that undergoes acid treatment was analyzed using XRF. Before analyzed, the 
sample was compressed into solid form (coin shape) by using hand compression. The binder was used in order to 
maintain the solid form of ash. After that, the sample was put in a XRF sample case and the analysis was conducted. 
The result of the chemical composition of each sample was displayed after 1 minute that gave the composition in wt 
%. 
2.2. Sodium Silicate Extraction from Sugarcane bagasses (SCB) 
For formation of sodium silicate, alkali treatment was used to altering the chemical and physical structure of 
silica and to remove metal impurities. The ash residue was then dispersed in 50 ml of 3M Sodium Hydroxide 
(NaOH) for 4 hours at 80OC and vigorous stirring was applied to produce sodium silicate solution. The suspension 
was then filtered through an ashless Whatman No 41 in order to remove solid residue. The filtrate solution was silica 
supernatant that will be used as silica precursor or silica source. The mechanism of reaction is shown in Equation 1. 
 
SiO2 +2NaOHÆ Na2SiO2 +H2O                                          (Eq. 1) 
2.3. Analysis of Sodium Silicate 
2.3.1. Functioning group of silica supernatant using Fourier Transform Infrared Spectroscopy (FTIR) 
 
Perkin Elmer FTIR was used to analyze sodium silicate sample. The dropper was used to spread liquid sample 
over the KBr window and the sample was scan to identify its specific functional group.  
2.3.2. Confirmation of silica supernatant using Inductive Coupled Plasma (ICP) 
 
ICP analysis was performed to examine the amount of silicate present in extracted sodium silicate. The sample 
was purified and dilute before undergo the ICP analysis and the silicate standard was prepared with five different 
concentration which are 0ppm,30ppm, 60ppm, 90ppm, and 120ppm. 
2.4. Synthesis of Santa Barbara Amorphous-15 (SBA-15) from Extracted Sodium  Silicate 
In production of SBA-15, 5 grams of P123 triblock copolymer were mixed with 100ml of HCl in demineralised 
water and was stirred for 1 hour at 35OC until a homogeneous solution was obtained. The pH of the solution was 
maintained below pH 2 in order to obtain isoeletric point for silica and to maximize the condensation of silica over 
the triblock copolymer template. Surfactant solution was mixed up with 20 ml of extracted sodium silicate 
supernatant in a small batch reactor and stirred at 35OC for 24 hours. The mixtures result in the formation of 
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P123/SiO2 composite. Then, the synthesis solution was transferred into Teflon bottle and aged for 24 hours at 100
OC 
to obtain SBA-15. The yellowish solid products were filtered and washed repeatedly with de-ionized water and 
dried at room temperature for 24 hours before further calcined for 2 hours at 500OC.  
2.5. Characterization of Santa Barbara Amorphous-15 (SBA-15) 
2.5.1. Determination amorphous state of SBA-15 using X-ray Diffraction (XRD) 
 
X-ray diffraction will be used to determine an amorphous state of SBA-15 synthesis. Phillips PW 1830/40 was 
used to determine the samples, using Cu-Kα1 radiation with λ = 1.5406 Å, generator tension 40 kV, in the range 0.3-
4.5° 2θ and at a rate of 0.1°/min. 
2.5.2. Observation of SBA-15 morphology using Scanning Electron Microscopy (SEM)  
 
The Scanning Electron Microscopy, SEM (GEMINI field-emission, Zeiss 982, California, United States) analysis 
was used to observe the morphology of the SBA-15. Surface structure of the sample, shape and pore size were 
determined using scanning electron microscopy (SEM).  
 
3. Results and Discussions 
3.1. Thermal Profile of Sugarcane Bagasses (SCB) using Thermogravimetric Analyses (TGA) 
In order to investigate minimum temperature for pyrolysis process, that contributes to the composition of the 
silica present. The temperature profile was created for SCB at room temperature with operating temperature range of 
0 to 1150°C. The sample used was SCB that have been collected and dried for 24 hours and the carbonization 
profile from TGA analysis of SCBA is illustrated in Fig.1. The result indicates that SCB completely transform into 
ash at temperature of 588.24OC. The SCBA obtained after TGA analysis confirm that the suitable starting 
temperature for carbonization process. Therefore, the temperature variation for the combustion process should above 
588.24OC and in this study, the temperature used was 1000оC. The result indicates that SCB completely transform 
into the ash at temperature of 588.24оC as shown in Fig.2. 
  
Fig.1.Thermal Profile of Sugarcane Bagasses (SCB) using Thermogravimetric Analyses (TGA) 
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3.2. Chemical Composition in the Sugarcane Bagasses Ash (SBA) 
The XRF analysis was used to determine the chemical compositions that are present in the raw SCBA and acid 
treatment sample. The result was tabulated in Table 2. The chemical composition of the sugarcane bagasse ash 
shows the presence of Si, S, Mg, P, Fe, Mn, Ca, K and Al as a major component. The result indicated that, the 
composition of silica in acid treatment sample is higher than in the raw sample. This is because the acid treatment 
method helps to remove the impurities from the sugarcane bagasse ash. In this study, amount of silica present in raw 
sample was 53.10% while the composition of silica present in the acid treatment sample was 88.13%. The obtained 
result was similar to the work by Worathanakul et al. (2009) in his study on characterization for post-treatment 
effect of bagasse ash for silica extraction.  Worathanakul also reported that acid treatment method improved the 
composition of silica in the ash and the silica composition obtain by was slightly higher which is 89%. By 
comparing, in the Worthanakul method, the oxygen present was control at 95% feed flowrate during the acid 
treatment method. This different method might contribute to the significant of impurities removal. From the present 
results, the composition of silica after acid treatment was increased up to 35% from the raw sample. Thus from the 
present study, it show that acid treatment is required in the post treatment process to eliminate impurities and gave 
more pure silica composition for further used.  
 
    Table 2. Composition in Sugarcane Bagasse Ash (1000оC, 4 hours) 
 Concentration (wt%) 
Compound Raw Sample After Acid treatment Sample 
SiO2 53.10 88.13 
SO3 11.20 4.69 
MgO 20.72 3.04 
P2O5 7.36 1.15 
Fe2O3 0.78 0.94 
MnO 1.45 0.62 
CaO 3.77 0.57 
K2O 1.26 0.50 
Al2O3 0.20 0.24 
Na2O 0.07 0.07 
TiO2 0.01 0.03 
CuO 0.06 0.02 
 
 
 
 
 
Fig. 2. Image of Sugarcane Bagasse Ash (SCBA) obtain after carbonization 
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3.3. Functioning group of silica supernatant using Fourier Transform Infrared Spectroscopy (FTIR) 
Fig. 3. Fourier Transform-Infrared Spectroscopy (FTIR) Spectrum of Extracted Sodium Silicate 
The functioning group for the commercial sodium silicate and extracted sodium silicate from SCBA was 
illustrated in Fig.3. The functioning group of the molecules was represented by the absorption bands in the range of 
500 cm-1 to 4400 cm-1. According to the spectrum, wavenumbers between 500 cm-1 to 4400 cm-1 represent the 
functional group of Si, O and H. The patterns of the result obtain almost the same and only differ at the spectrum 
pattern. At peak 969 cm-1, the wavenumber represent the Si-O-Si stretching. Both spectrums appear at peak 3239 
cm-1 that represent peak for hydroxyl group in the sample. While peak observed at 1646 cm-1 show the presence of 
H-O-H (water adsorption) and at 871 cm-1 was belong to SiO4 tetrahedron.  
3.4. Confirmation of silica supernatant using Inductive Coupled Plasma (ICP) 
Inductively coupled plasma is an analytical technique used for the detection of trace metals. The inductive couple 
plasma was used to produce excited atoms and ions that emit electromagnetic radiation at wavelength characteristic 
of a particular element. In order to analyse silicate concentration from extracted sodium silicate, the standard was 
used and the analysis take place for about 1 minute. The extracted sodium silicate that analyse was dilute at 10 
times. The concentration of the sodium silicate obtain was 4873 ppm.   
3.5. Observation of SBA-15 morphology using Scanning Electron Microscopy (SEM) 
The morphology of synthesized SBA-15 was observed under SEM (2000x and 10000x). Fig.4 represents the SBA-
15 morphology that synthesis from silica source extracted from sugarcane bagasse. The size of mesopores of SBA-
15 can be tailored by the choice of synthesis temperature and lead to exhibits a significant amount of disordered 
micropores and small mesopores. The volume and size of these complementary pores were found to be dependent to 
some extent on the synthesis, aging temperature and silica source. In this study the result shown a round structure 
well-defined formed of mesoporous SBA-15 with the present of scattered pores with pore size dimensions around 
2.3 micrometer to 781 nanometres. The Micromeritics ASAP 2020 was used in Nitrogen adsorption desorption 
isotherm for samples in order to determine the surface area of the samples and the pore distribution whether it is 
microporous, mesoporous or macroporous. Fig. 5 is the N2 adsorption desorption isotherm of the SBA-15 samples. 
The samples exhibit the same adsorption isotherm trend as standard and the type of isotherms obtained which 
indicates that the samples are mesoporous because the average pore size distribution was 3.12nm. The BET surface 
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area was 466 m2/g with the total pore volume was 0.14 cm3/g. The surface area however was quiet small as 
compared to the standard characteristics of SBA-15 which around 500-1000 m2/g. The result obtained might 
because of the silica source purity. The extracted sodium silicate was contain about 88.13% purity. On the other 
hand, the samples are made up mostly of mesopores but the result indicated that the samples exhibit a small 
micropore area was 22m²/g and the micropore volume was 0.008 cm3/g. The micropore area makes up 
approximately 5 % of the total surface area.  
Fig. 4. The morphology of synthesised SBA-15 
3.6. Determination amorphous state of SBA-15 using X-ray Diffraction (XRD) 
X-ray diffraction (XRD) scanning was performed using a Rigaku diffractometer with the CuKa radiation, 
graphite monochromator and scintillation detector under ambient conditions over the 2θ region at a rate of 0.01o/min 
with 40kV and 40 mA. Fig. 6.shows the low angle, XRD patterns of the synthesis SBA-15 from extracted silica 
source. The mesoporous silica reveals three well-resolved peaks in the region of 2θ which from 0.5° to 4.5°. It can 
be seen that the SBA-15 sample exhibit a diffraction peaks at 1.02o, 1.58o and 1.74o which represented the 
characteristic (100), (110), and (200) reflections of hexagonal mesoporous material associated with p6mm symmetry 
(Xiaoli  et al. 2010) The samples were found to exhibit structural properties similar to those reported earlier by 
Xiaoli et al (2010) and Chen et al (2009).   
 
 Fig. 6. The X-Ray Diffraction (XRD) results of SBA-15 Fig. 5. Adsorption desorption pattern of SBA-15 sample 
846   S. Norsuraya et al. /  Procedia Engineering  148 ( 2016 )  839 – 846 
4. Conclusion 
SCB can be utilized as source of silicate for synthesis of the mesoporous material. Acid treatment with thermo 
chemical treatment maximize the selectivity and purity of silica and the result show that the amount of silica present 
in raw sample was 53.10% while the composition of silica present in the acid treatment sample was 88.13%. The 
composition of silica after acid treatment was increased up to 35% from the raw sample. The result of FTIR 
indicated that the spectrum patterns of the extracted sodium silicate obtained was almost the same as the commercial 
sodium silicate pattern. Then, the extracted sodium silicate obtain by extraction process was used to synthesis SBA-
15 and characterized using SEM and XRD. The SEM result shown a round structure with a well-defined formed of 
mesoporous SBA-15 which exhibit the same morphology as commercial SBA-15 and BET confirm the pore size 
and surface area of the sample which has mesopores structure. The XRD result reveals three well-resolved peaks in 
the region of 2θ which represented the characteristic (100), (110), and (200) reflections of hexagonal mesoporous 
material associated with p6mm symmetry. Therefore, this study verify that the sugarcane bagasse can be a new 
source of silica and the extracted sodium silicate can be used to synthesis mesoporous material which is Santa 
Barbara Amorphous-15 (SBA-15).  
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